Drip irrigation, in its various forms, is the dominant mode of micro-irrigation in India. The benefits of these technologies in water scarce regions have been widely studied all over the world. A review of literature on dripirrigation technologies strongly suggests that there are significant financial, economic and social benefits in the adoption of these technologies. However, the spread of drip irrigation in the Indian context has been far below potential and expectations. In the Maikaal region of Central India, a grassroots innovation called 'Pepsee' has become a popular choice for farmers. At less than half the cost of conventional drip systems, this innovation promises comparable returns. What is most interesting is that while government and non-government agencies have struggled to promote water-saving technologies across the country, the people in this area have adapted and adopted these technologies on their own. This paper looks at the various aspects of this grassroots innovation, its spread, adoption behavior and impacts. The authors find that while Pepsee and other water-saving technologies do lead to farm level improvements in water efficiency, they will not contribute to system level 'real' water saving unless a favorable policy environment encourages their adoption on a large scale.
Introduction
Water scarcity poses serious threats to rural livelihoods and food security. Studies done by the International Water Management Institute, Colombo (Seckler et al., 1998; Seckler et al., 1999) have estimated that by the year 2025, one-third of the world population will face absolute water scarcity and amongst the worst hit areas would be the semi-arid regions of Asia, the Middle East and sub-Saharan Africa which is home to some of the largest concentrations of world poverty. Precision irrigation refers 1 Currency conversion rate: 1 USA dollar (US$) = 48 Indian rupees (INR) .
to a broad range of technologies and water management practices that enable farmers to use their limited water resources in a manner that increases the productivity of water (Sally et al., 2000) . Drip irrigation is one such technology through which water is applied directly at the root zone of the plants to reduce conveyance and application losses in comparison with the conventional flood irrigation method.
In India, drip irrigation technologies arrived in the 1970s from developed countries like Israel and the USA, where the technology is widely used by big commercial farmers. Preliminary research studies showed that other than water saving, the yields of crops using drip irrigation are substantially higher than crops irrigated by the flood method of irrigation (Narayanamoorthy, 1996b; Narayanamoorthy, 1997b; INCID, 1994; Magar et al., 1998; Kulkarni, 1987) . The Government of India, realizing the potential, released around US$2500,000 1 to state governments under centrally sponsored schemes between 1982-83 and 1991-92 , for the promotion of drip, sprinkler and other water-saving irrigation systems and practices (Narayanamoorthy & Deshpande, 1997 .
Given the many persuasive arguments in favor of drip irrigation systems, convincing financial and economical viability and the subsidies provided by the Government of India, one would have expected large-scale adoption of drip irrigation systems by farmers. This expectation, however, has so far been belied, as the drip-irrigated area is much less than 1% of total groundwater irrigated area (Dhawan, 2000) . Ever since they were first introduced, the total area under drip irrigation has expanded rather sluggishly from 1500 ha in 1985 to a little over 70,000 ha in 1992 (see Table 1 ; INCID, 1994; Chakravarty & Singh, 1994; Narayanamoorthy, 1997a) and rapid growth has only been seen in recent years as the area spread to 225,000 ha in 1998 (Polak & Sivanappan, 1998) . This, however, is still very low compared to an estimated potential of 10.50 million ha (Sivanappan, 1994) . Even with up to 90% government subsidies in some cases (Kareem, 1999) , the technology has failed to attract its target consumers in some of the most water-scarce regions of the country. It is still largely seen as the 'Gentleman' farmer's technology and is popular largely among large farmers in Maharashtra, and mostly for orchids and plantation crops (see Table 2, Table 3 ; Kannan & Gurumurthy, 1999; Shah & Keller, 2002) . Some of the reasons for the sluggish growth pointed out in some of the research papers (Narayanamoorthy 1996a (Narayanamoorthy , 1997c Sivanappan 1988; Dhawan 2000) are: (1) high initial capital investment; (2) lack of credit facilities and (3) lack of information. There is a strong notion among the farmers and sometimes within the micro-irrigation industry itself that drip is a technology suitable for big farmers. A buried strip drip system in the United States of America costs about US$ 1200 per acre (about the market value of an acre of irrigated land), will last for five to ten years and requires low-till, high herbicide agriculture (Seckler, 2003) . The farmers in the Maikaal region have shaken this belief and have forced the drip irrigation industry to wake up to their demand. What is most interesting is that while most government and non-government agencies have struggled to promote water-saving technologies across the country, the people in this area have adopted and adapted these technologies on their own.
Genesis of the technology
In the 1990s, precision irrigation technologies penetrated into West Nimar and its adjoining districts though the intervention of International Development Enterprises (IDE) and through the informal channel of progressive farmers. IDE began its work with Maikaal Cotton Spinning Mills, an Indo-Swiss Company and bioRe (a subsidiary of Maikaal Cotton, promoting organic cotton cultivation in the Maikaal region of Madhya Pradesh). Some progressive farmers had already begun trying out the drip irrigation technology in cotton cultivation. IDE encouraged bioRe's member farmers to experiment with their micro-tube technology for drip irrigation. For various reasons, IDE moved out of the region; however, the seeds of water saving it had sown there have blossomed and borne fruit (Shah & Keller, 2002) . While bioRe continues to promote micro-tube kits, they are too costly for most farmers who are unsure about the technology and are apprehensive and sometimes incapable of making the initial investments of US$150 per acre.
The recurrence of drought-like situation in the region for the last decade has worsened the problem of rapidly depleting groundwater resources and low purchasing power of farmers, compelling many farmers to look for an alternative less expensive technology which will not only enable them to take a summer crop with less water but also to increase water and land productivity. Many innovations were going on at the grassroot level to bridge the gap between technology and the cost factor. Innovations like using cycle tubes for drip irrigation and so on were carried out by farmers in some parts of Madhya Pradesh and Maharashtra. But these innovations were confined to a limited area and most of them failed to catch on, as they were not able to deliver the desired results. Around 1998-99, a new innovation called Pepsee came up in this area. It is not very clear how and exactly where the innovation first started but there did exist a very strong latent demand for a low-cost water-saving technology in the entire region over a long period of time. Small candy manufacturers use light density plastics, disposable in nature, to fill ice candies, which are sold as "Pepsee" in the local markets. The plastic candy is transparent in nature and comes in a length of 20 cm. The candy manufacturers buy these plastics in continuous rolls and then the roll is divided into small lengths to make ice candy. The cost of the plastic rolls comes to around US$1.00 for the manufacturer and US$1.50 per kg for the farmer.
This plastic roll is today being used in place of the drip tubes and is placed directly at the root zone of the plants. The entire system is assembled locally and does not require great skill to prepare. The farmers started using the Pepsee system for irrigating cotton crop during the pre-monsoon season. Two years ago, a recycled-plastic version of the Pepsee, popularly known as Black Pepsee, came into the market. The farmers distinguished it from the earlier transparent product, which came to be known as White Pepsee. The Black Pepsee is cheaper and also removes the problem of algae attack that was a major problem with the earlier product. In the initial years, word of mouth was the main source of spread of the idea. As there was a strong latent need for low-cost water saving, the news about the new innovation spread among farmers like wild fire. The spread of Pepsee is mainly seen in the cotton growing belt on the border of Madhya Pradesh (West Nimar District) and Maharashtra (Jalgaon District). In the initial years, Pepsee was predominantly used only in cotton but over the years its use has spread to other crops like chilli, sugarcane and vegetables.
Pepsee systems (Figure 1 ) are low cost substitutes for drip irrigation systems made up of low density polythene ranging from 65-130 micrometers. In 2001, IDE India recognized the success of this grassroots innovation and came up with its own version of the Pepsee, aptly named "easy drip", and targeted largely at vegetable-growing farmers.
About the study
This study was conducted to explore the various aspects of the Pepsee system, its history and spread, to make a comparative technical/financial evaluation of Pepsee with conventional drip/micro-tube and flood irrigation techniques, to analyze the conditions and factors that lead to successful adoption of Pepsee systems and finally to suggest a marketing strategy for replication of the technology. The study was based on field visits, farmer surveys, and interviews with agricultural department staff, manufacturers and retailers of two districts, West Nimar and Jalgaon. These districts were selected purposively, keeping in view the spread of Pepsee adopters. Cotton is the dominant crop for which Pepsee and micro-tubes are being used. The primary data thus collected were compiled and analyzed and a financial analysis was done with the help of four financial performance indicators for investment, i.e. net present value, internal rate of return, benefit-cost ratio and pay back period.
Survey and interview methodology
The farmer surveys conducted in the two districts covered three categories of farmers. These were:
• Pepsee adopters: Pepsee adopters are the farmers who have adopted and used Pepsee systems irrespective of whether or not they are or have been using other techniques. • Drip adopters: Drip adopters are the farmers who have adopted and used conventional drip irrigation systems and/or micro-tubes but have never used Pepsee systems.
• Non-adopters: Non adopters are the farmers who have never used Pepsee or any other form of drip irrigation systems. These include both flood irrigators as well as furrow irrigators.
The sampling plan and actual number of interview schedules used for analysis is shown in Table 4 . A total of 180 farmers were approached with the three sets of questionnaires developed for the three categories of farmers. A total of 157 questionnaires were included in the final analysis after some were rejected owing to incomplete data.
For the interviews with manufacturers and retailers, a checklist was used. The semi-structured interviews were conducted to understand the supply chain and the market dynamics of Pepsee systems. Around 10-12 retailers and manufacturers in Indore and Jalgaon were interviewed.
Perceived advantages and disadvantages
Pepsee systems have many potential advantages when compared with flood irrigation systems. Most of these advantages are related to the low rates of water application. It can be argued that the benefits are not unique to Pepsee irrigation systems but are common to drip and micro-tube irrigation systems. However, these advantages combined with the very low capital investment requirement and the low levels of technical sophistication make Pepsee systems unique. Compared to the micro-tubes and drip systems, benefits like water saving, reduction in weeds and savings in electricity are marginally less. This is because unlike in micro-tubes and drips, where water is provided drop-by-drop, in the case of Pepsee, water flows out of the plastic pipes and more surface area under the plant is moistened than the drip. The advantage that is specific to Pepsee is the encouragingly low initial investment. The investment required for one acre of land under cotton (4 x 4 spacing) is as low as US$85. This is only 59% of the investment required for a similar cotton plot with micro-tubes and 22% of that for conventional drip systems. Moreover, one of the major problems with micro-tube kits and drip systems is that some of their components, like micro-tubes and emitters, are prone to damage by rats and rodents during storage and these are very expensive to replace. In the case of Pepsee, this kind of risk does not exist because the system is used mostly for one season only. Table 5 illustrates some of the advantages of Pepsee as perceived by cotton farmers in West Nimar and Jalgaon. Though the benefits are largely the same, there are differences in relative importance, which the farmers attribute to the different benefits. This difference in perception across the two areas for same technology is primarily because of early penetration of matching technologies like micro-tubes and drips in Maharashtra (Jalgaon). In West Nimar, technologies like micro-tubes and drip systems are relatively new and the numbers of adopters is also less. Most farmers of West Nimar look at microirrigation technologies only as a coping mechanism to groundwater stress. In Jalgaon, however, precision irrigation technologies have been popular for more than two decades and the farmers perceive other benefits such as higher yields, labour saving, as well.
Even with all the advantages listed above, Pepsee systems are not without problems. One of the major problems encountered under Pepsee is clogging of the holes of the plastic straw. This clogging is not caused by sand and other small particles, as in case of micro-tubes and drips, but by organic matter, bacterial slime, algae and/or chemical precipitates. The Pepsee straw can be used only for one year, in certain cases for two years (depending upon the size in micrometers). Since the Pepsee straw is very thin, after a few months it is easily burnt out by the scorching sun; high pressure of water can also tear off the straw. One of the other major problems faced by the farmers of West Nimar is that strong winds in the region blow away the Pepsee straw. However, farmers in West Nimar are overcoming this weakness in the system through various innovations like surrounding the straw with bricks and other local innovations. Other technical disadvantages of Pepsee include uneven distribution of water; the problem of low pressure at tail end and high pressure at the head. Owing to high pressure at the head, the holes become bigger and more water flows out. Table 6 illustrates some of the disadvantages of Pepsee as perceived by the farmers in West Nimar and Jalgaon. The limited life period of Pepsee is believed by 85 to 95% of farmers to be its biggest disadvantage. The high labour requirement and the fact that Pepsee cannot fulfil the water requirements of plants after a given stage are not actual disadvantages but differences in perception. In West Nimar, none of the farmers attempted to use Pepsee after the kharif season for two reasons: first, there is sufficient water available in the wells and second, they feel that the application of water drop-by-drop can fulfil the crop requirements only when the plant is small. There is generally perceived to be a high labour requirement by new adopters as the introduction of new technology unsettles their old system and routine of work. As the numbers of years of usage increases, they get accustomed to the new system and start seeing more of the benefits and find innovative solutions to overcome the drawbacks. This largely explains the differences between the perceptions in the two regions.
Reasons for adoption and non-adoption
The survey revealed the factors behind purchase decisions regarding Pepsee systems. The most widely perceived reason to adopt Pepsee (98.33% of the farmers perceive this benefit) was the fact that it led to significant water saving at the farm level (Table 7) . The fact that Pepsee provides the benefits at less than half the price of micro-tubes and at one-fourth of the price of conventional drip systems (76.67%) gives Pepsee a niche in the market and was a significant factor in the farmers' decisionmaking process. Other reasons for purchase included higher yields (36.50%), labour saving (13.33%) and energy saving (6.67%). Surprisingly, even at these low costs, the majority (51.67%) of the non-adopters feel that the technology is too costly (Table 8) . While another significant chunk of non-adopters (48.33%) complained that they did not have enough water to irrigate their fields even with the reduced water requirements in Pepsee. Nearly 22% of the non-adopters felt that they have sufficient water for their crops and hence do not feel the need for water saving. This is bound to change in the years to come. Fifteen percent of the non-adopters found the technology too bothersome. This can be interpreted in two ways. One, it could be that the scarcity which they face is not very great, or secondly, it could be that they face shortage of labour in their family. Around 10% of the non-adopters were either not aware of the innovation or did not have sufficient information about the technology. Another 5% complained that they had difficulties in obtaining access to the market for this technology.
Financial viability
Farmers' investment decisions depend primarily on subjective calculations of their incremental monetary costs and returns. Therefore, the incremental returns and costs as a result of installation of micro-tubes and Pepsee systems have been analyzed and compared. The benefits and costs that are nonfinancial and social in nature were excluded for the computation of financial performance indicators. Only labour cost was included, as a number of farmers hired labour for installation of Pepsee for the first time.
Investments required
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For cultivation of cotton (4 × 4 feet spacing) in one acre of land using Pepsee systems, the total initial investment was calculated to be US$93 3 (Table 9 ). This initial investment can be further reduced by 310 26% as the farmer can use the technology without a filter. The main difference between the costs breakup of Pepsee systems and micro-tubes is the cost of micro-tube and the 12 mm lateral, which costs US$80. This cost is replaced by the Pepsee straw, which costs around US$16. A look at the fixed and variable costs of Pepsee and micro-tubes (Table 10) indicates that variable cost is higher in case of Pepsee and every year a farmer needs to invest US$16.50, while in case of micro-tubes, once the initial investment has been made, the incremental investment in subsequent years is very low. Pepsee systems, therefore, spread the risk involved in investing in a new technology over a number of years and increase the motivation of farmers to experiment with water-saving innovations.
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All four indicators (Table 11) reveal that investments in micro-tubes and Pepsee systems are financially viable and sound. The analysis also indicates that investments in micro-tubes are better than in Pepsee! Moreover, our primary data also indicates that benefits in terms of yields and water saving are also marginally higher in micro-tubes and conventional drip systems compared to Pepsee systems. Then, it is important to investigate why farmers have taken to Pepsee and have not adopted drips and micro-tubes?
The fast growing adoption rate of Pepsee corroborates the findings of other research work. The initial investment for Pepsee systems is 41% less than the same for micro-tubes and 78% less than the same for conventional drip systems. Since initial investment is low, the basic finance requirements are also reduced considerably. The third major reason -lack of information in terms of low level of awareness and inadequate knowledge about application, utility, methods of operation and maintenance, etc. -also holds as under these conditions, few farmers are likely to take the risk of a one-shot investment of US$158 per acre. However, the success of Pepsee systems indicates that the farmers are willing to experiment with innovations, if not constrained by financial limitations. The farmers' risk is spread across many years and in case they want to shift to micro-tubes or conventional drips in the future, they just need to make additional investments on laterals and micro-tubes. No Pepsee hardware will go waste!
Impact of adoption
Pepsee systems make pre-monsoon sowing possible. The provision of irrigation, made possible through the use of Pepsee, leads to a higher germination rate and lower incidence of pest attack. The impact of Pepsee on average cotton yields can be seen in Table 12 . Pepsee systems also improve the chances for the farmers to take rabi (winter) crops. This is indicated by the fact that 30 of the 32 rabi cultivators in West Nimar and 28 of the 32 rabi cultivators in Jalgaon were Pepsee adopters. The early 312 S. Verma, S. Tsephal and T. Jose / Water Policy 6 (2004) 303-318 sowing of the kharif (monsoon) cotton crop also allows farmers to take rabi crops. Farmers also believe that there is a significant improvement in the quality of the harvest through the use of precision irrigation. This is due to the fact that each individual plant receives the correct quantity of water at regular intervals unlike in flood irrigation where farmers tend to over-irrigate or under-irrigate depending on the availability of water and power and not based on crop requirements. One of the most frequently asked questions by groundwater managers and scientists is weather the adoption of Pepsee and other water-saving technologies can help alleviate the problem of groundwater depletion? To answer this, we compared the pumping behavior of a Pepsee adopter and a flood irrigator. Table 13 shows the difference in pumping behavior between the two.
There is a notional saving of 50% in terms of water used. Therefore, adoption of Pepsee does lead to more efficient utilization of water. However, the question of the impact on the depleting groundwater table is a tricky one. Adoption of Pepsee has in fact led to greater pumping of water in some cases, as it has helped farmers to undertake a summer crop of cotton which was not possible before the emergence of this innovation. Also, on average, there has been an increase in area under irrigation as a result of adoption of Pepsee of 2.20 acres per farmer. Farmers who could not irrigate at all without this innovation (and were thus not pumping any groundwater) are now able to use the limited amounts available for irrigation. The use of Pepsee is restricted largely to the pre-monsoon season. Postmonsoon, when there is sufficient water in the wells, farmers revert back to flood irrigation. Thus Pepsee adoption leads to more efficient utilization of water but not effective and sustainable management of groundwater resources.
The technologies enable poor farmers to bring larger areas under irrigation through improved farmlevel water efficiencies but unless the higher efficiencies are achieved system-wide and all through the cropping season, they will not make a significant impact on the overall groundwater withdrawal.
The market
Apart from the survey of farmers, discussions with a number of retailers and manufacturers were also held in both West Nimar and Jalgaon. The purpose of these discussions was to understand the market dynamics and the supply chain of the innovation.
The market for Pepsee is totally demand driven and is growing fast as more and more retailers are getting into the business of selling Pepsee to cater for the increasing demand from the farmers. Till now, however, no manufacturer or seller is really pushing Pepsee as its share in their total business is only around one to 3% and the demand is seasonal in nature. Figure 2 identifies six different chains currently in operation in West Nimar and Jalgaon.
The supply chains in West Nimar and Jalgaon are different from each other. In West Nimar, the agriculture implements retailer has not assumed a significant role in the supply of Pepsee and hence the prominent models are I and II, given in Figure 2 . The plastic wholesale market is situated in Indore, which is around 100 km from the Maikaal region. The retailers take the orders from the farmers and deliver to farmers within two days. The transaction between retailers and plastic sellers in Indore is via the telephone and the plastic seller delivers it to the shop. The transportation cost is approximately US$0.125 per 30 kg box. The small retailers in the villages get Pepsee directly from Indore and sell in the villages. They charge around US$1.50 per kg for the straw. The accessibility of farmers to the wholesale market is a problem in West Nimar and this has created problems for the farmers in terms of price discrimination and the variable quality of the product. Also, the range of products available to the users is limited. Models I and IV are more prominent in Jalgaon. There is a greater accessibility for farmers to the wholesale market and the farmers have greater choice in terms of thickness and quality. There is no specific brand for Pepsee as such in West Nimar but in Jalgaon the market is more developed and there are a number of brands that are adaptations of Pepsee. Black Pepsee, which is the thicker version of Pepsee and is made of recycled plastic, is also available in Jalgaon.
Promoting micro-irrigation in India
The greatest concentrations of poverty in the world are found in rural South Asia. The majority of poor farmers in this region lack access to appropriate and affordable irrigation. Pepsee systems offer an enormous opportunity to expose the poor to the benefits of appropriate drip irrigation technologies under conditions of groundwater stress.
Micro irrigation technologies have been around in India for more than 25 years and several studies have highlighted the advantages of adopting these technologies. However, the technologies have failed to capture the kind of market share that would have been expected given the numerous advantages and significantly positive financial returns. Shah and Keller (2002) highlight two distinct aspects of low-cost micro-irrigation in India and Nepal: (1) Poverty focus, in terms of enhancing income and quality of output for poor farmers; and (2) market development, in terms of ensuring the survival of distressed agrarian economies facing both water and energy crises. Pepsee systems have not only helped farmers in the Maikaal region in ensuring the sustainability of irrigated agriculture under worsening conditions of groundwater stress, but have also expanded the potential market of micro-irrigation technologies through significant cuts in the investments required for adoption.
The grassroots innovation offers a very high potential for promoting water-saving technologies among the poor. What is required at this stage is a concerted effort to disseminate the success achieved by the farmers in West Nimar and Jalgaon to poor farmers around the country. Table 14 gives an overview of the strengths and weaknesses of and opportunities and threats for Pepsee systems.
The limited growth of micro-irrigation technologies in India so far can, to a large extent, be explained by the apparent gap between what has been marketed and where the demand lies. Over the years, government as well as non-government agencies have been promoting micro-irrigation as a "new concept in agriculture" through a "package solution" with the following salient features: (1) water saving; (2) good pay back period and internal rate of return; (3) customized and highly sophisticated technology; (4) higher yields and better quality of output; and (5) labour saving. The farmers, on the other hand, have different priorities and concerns. They demand solutions and technologies that would provide them with: (1) assured returns; (2) lower costs; (3) simple technology; (4) generic applicability; and (5) higher and better yields with fewer pumping hours. Clearly, there is an urgent need to bridge this demand-supply gap.
Conclusions and lessons for policy makers
The success of Pepsee systems marks the "next" phase of growth in the micro-irrigation industry. The farmers in Maikaal have shown the way to bridging the apparent demand-supply gap. There are significant lessons for policy makers and promoters of water-saving technologies from the Maikaal experience. These can broadly be listed as below.
Inputs versus capital investments
There is a need to view water-saving technologies as recurring but much lower input costs rather than capital investments that offer returns over the next eight to ten years. If the small farmers are to be Environmental problems with polythene Shift from flat to metered electricity billing targeted, policy makers must understand that they would be hesitant in making huge capital investments in new technologies unless they are very sure of their results. Even when they are convinced about the returns, they might not be in a position to incur the huge capital costs owing to poor access to good quality credit options.
Demystification of technology
There is a need to transfer the technology into the hands of the users. Some of the most successful experiments are done, not by scientists in the labs, but by farmers in their backyards and fields. Unless the farmers feel totally comfortable and competent in handling the technology intended for them, there is little chance that even 60-70% subsidies would bring the desirable results.
Building in modularity
Pepsee systems are not complete substitutes for highly sophisticated drip technologies. Even our financial calculations and survey results indicate that the returns offered by micro-tubes and drip kits are higher that those offered by Pepsee. However, if Pepsee systems are viewed as a "stepping stone" to adoption of a higher degree of sophistication and higher cost technologies and if these technologies are designed in such a way that the transition is made simple and modular, the results can be very positive. Six of the eight farmers who discontinued the use of Pepsee after one to two years shifted to IDE's micro-tubes. Thus, there are indications that as the farmers are convinced about the results, become familiar with the technology and possibly also improve their financial status in the process, they will shift to the more efficient technologies being marketed today.
Operating strategies
In 2001, IDE started working on their own improved version of Pepsee, aptly named "Easy Drip". This is a very encouraging sign, as the presence of a professional agency would definitely help the innovation to spread to new areas. Since the technology is in the nascent stage, there is a need to focus on three things: (1) product quality -both in terms of consistency and standardization as well in terms of longevity of the product; (2) ensuring easy availability through a reliable channel; and (3) creating demonstrations of success in the target group.
Where to promote
While promoting micro-irrigation, it is imperative that the nexus between energy and irrigation be kept in mind. Micro-irrigation technologies have tended to become popular where between water and energy, water is scarcer. In Maikaal also, people have responded positively to water-saving technologies as they did not have enough water to run their pumps for the available hours of electricity supply. If, on the other hand, the power supply were the critical resource, people would prefer to run their pumps for every hour that electricity is supplied. Ignoring this critical nexus could lead to undesirable gaps in policy tools and results. A detailed discussion of the different aspects of this nexus is available in numerous studies done by the IWMI-Tata Water Policy Program group (Shah et al., 2003; Kumar 2002; Kishore & Verma 2002; among others.
Water saving?
Does micro-irrigation really save water? From what has been observed in Maikaal, adoption of these technologies does lead to improved water efficiency at the individual farm level. However, unless the technologies are adopted on a large scale, the impact would not be significant at the basin or sub-basin level. Can pre-monsoon adoption of Pepsee lead to basin-level water saving in the long run? Our contention is that as farmers begin to experience (and perceive) the entire range of benefits offered by micro-irrigation (higher yields, better quality of output, etc), they would use these technologies throughout the cropping season, and in the long run Pepsee and other water-saving systems would become a routine farming practice rather than a short-run water-stress coping mechanism. It is only then that these technologies would lead to basin-level water saving. Now, it is for the policy makers to use this opportunity and promote this transition by providing an enabling policy environment.
